Bioassay-directed fractionation of the organic extract of Mallotus philippinensis gave five compounds (1-5), the most active of which against Mycobacterium tuberculosis was a new compound, 8-cinnamoyl-5,7-dihydroxy-2,2-dimethyl-6geranylchromene (1) for which the name mallotophilippen F is suggested. Compound (2), 8-cinnamoyl-2,2-dimethyl-7hydroxy-5-methoxychromene, was isolated from a natural source for the first time, while the remaining three compounds, rottlerin (3), isoallorottlerin=isorottlerin (4) and the so-called "red compound," 8-cinnamoyl-5,7-dihydroxy-2,2,6trimethylchromene (5), had been isolated previously from this plant. All compounds were identified by analysis of their spectra including 2D-NMR, which was used to correct the literature NMR spectral assignments of compounds 2-4. The C-13 NMR of 5 is reported for the first time.
According to a recent report of the World Health Organization [1] , as of 2007 there were over 9 million incident cases of tuberculosis (TB) in the world with almost 1.4 million of them in HIV-positive individuals. The greatest number of cases were in Africa (79%) followed by Southeast Asia (11%). TB is caused by the microorganism, Mycobacterium tuberculosis, which continues to develop multi-drug resistant (MDR) and extensively-drug resistant (XDR) strains [2] . As such, it is one of the three classes of antibiotic-resistant pathogens that are emerging as major threats to public health [3] . A related pathogen, Mycobacterium avium, is an increasing source of infections in immune compromised individuals and has been recently shown to be ubiquitous in showerhead biofilms [4] .
As part of our studies on natural products with antimycobacterial activity [5] , the bioassay-directed fractionation of the organic extract of Mallotus philippinensis, Muell. (Euphorbiaceae) was undertaken. This small evergreen shrub, sometimes referred to as M. philippensis, is found throughout tropical Asia as far south as Australia [6] . The glandular hairs from the pericarp yield a red powder, known as Kamala, whose composition has been studied for over a century [7] and which is used as a dye and in Ayurvedic medicine as an [8] , anti-allergy [9, 10] , anti-oxidant [11, 12] and anti-bacterial [13, 14] including one report of anti-tuberculosis activity [15] .
Extracts of M. philippinensis were prepared according to the NCI protocol [16] as described previously [17] . Only the organic [B] extracts were tested against both Mycobacterium species, since initial tests showed these to be the most active consistent with the lipid-rich cell walls of this genus [18] . At 100μg/ mL M. tuberculosis and M. avium had 100% and 47% growth inhibition, respectively, as determined by the radiorespirometric measurement of 14 CO 2 from the oxidation of [1-14 C] palmitic acid [19] . Bioassay-directed solvent partitioning and chromatography led to five pure compounds (1-5) the first of which had an MIC against the H37Rv strain of M. tuberculosis of 16μg/ mL (Table 1) . The mass spectrum of compound (1) had a molecular ion at 458 consistent with a molecular formula of C 30 H 34 O 4 . The 1 H-NMR spectrum and COSY correlations ( Table 2 ) showed a cis-(5.47 and 6.58 ppm, J = 10 Hz) and a trans-(7.77 and 8.13 ppm, J = 15.6 Hz) disubstituted C=C as well as five aromatic (7.40-7.61 ppm) and two alkene protons (5.05 and 5.31 ppm). Two phenolic OH groups were detected at 6.44 and 14.48 ppm, the downfield position of the latter indicating strong intramolecular H-bonding [20] . Four singlets from five methyl groups were present at 1.83, 1.69, 1.61 and 1.55 ppm, the last integrating for six protons. The remaining six protons are found in a methylene doublet at 3.4 ppm (J = 7.5 Hz) and a fourhydrogen multiplet at 2.17 ppm. The 13 C-NMR had 27 lines including 3 representing two carbons each from a gem-dimethyl group and a monosubstituted phenyl ring. Since the downfield portions of both the 1 H-and the 13 C-NMR spectrum of the known "red compound", 8-cinnamoyl-5,7-dihydroxy-2,2,6-trimethylchromene, (5) (vide infra) are very similar to that of compound (1), the latter was subtracted from that of (1), to leave a C-10 moiety containing three methyl (16.2, 17.8 and 25.7 ppm) and three methylene (21.7, 26.2 and 39.7 ppm) sp 3 carbons, as well as two methine (121.8, 123.5 ppm) and two quaternary (132.4 and 140.5 ppm) sp 2 carbons. In combination with the 1 H-NMR this suggested a geranyl group. The high-field position of the methylene group (C-1") attached to the aryl ring is consistent with oxygenation of both positions ortho to the geranyl group [21] . Therefore (1) is one of two possible geranyl analogues of (5) (A or B in Figure 1 ). H2", H4", H5" H1", H4", H5"
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The HMBC spectrum ( Figure 2 ) showed C-H correlations between C7-H1" and C5-H1" which in structure A are both three-bond correlations but in structure B are three-bond and five-bond correlations, respectively. Thus, compound 1 is (A), 8-cinnamoyl-5,7-dihydroxy-2,2-dimethyl-6-geranylchromene, a new compound for which we propose the name mallotophilippen F because of its close relation to mallotophilippen C and D [10] , the 4'-OH and 3',4'-(OH) 2 analogues of (1), the first of which has been recently synthesized [22, 23] . The full NMR assignments of mallotophilippen F (1) are shown in Table 2 and agree nicely with those reported for mallotophilippen C and D if the substituent effects [24] of the added hydroxyl groups in the cinnamoyl ring are taken into account.
The DIP-mass spectrum of compound 2 gave a molecular ion at 336 [C 21 H 20 O 4 ]. As with 1, the 1 H NMR spectrum of 2 (Table 3 ) was very similar to that of compound 5 except that the methyl singlet of the latter at 2.07 ppm was replaced by a three-proton methoxy singlet at 3.87 ppm. The peak at 14.2 ppm belongs to a chelated OH group ortho to a carbonyl group [20] . The 13 C NMR has 18 peaks including one for a methoxy carbon at 55.8 ppm and three at 27.9, 128.3 and 129.0 ppm each corresponding to two carbons. These data suggest that 2 is one of 12 possible 2,2-dimethyl-x-methoxychromenes with ortho-situated cinnamoyl and hydroxyl groups, four of which (2,6-8) are known. Compound 2 is the benzylidene derivative of alloevodionol [25] which has recently been synthesized [26] , while 6 is the natural product pongachalcone-I [27] , also known as obovatachalcone [28] or oaxacacin [29] . Compound 7, the originally proposed [30] but incorrect structure for oaxcacacin [29] , is the synthetic benzylidene derivative of evodinol [31, 32] , and compound 8 is a byproduct of the synthesis of ovalichromene [33] . No spectral properties are reported for compound 7 and only an incomplete 1 H NMR for compound 8. The published 13 C spectra of compounds 2 [26] and 6 [34] are similar, but not identical, to our compound thus warranting the HMBC study shown in Figure 3 which clearly showed 2 to be the correct structure, 8-cinnamoyl-7-hydroxy-5-methoxy-2,2-dimethylchromene. A comparison of the 13 C spectra of our sample with one kindly provided by Professor Y.R. Lee, revealed that all the resonances agreed within an average of <±0.1 ppm, in contrast to the literature report [26] . Compound 3 was identified as rottlerin from its MS and NMR (Table 4 ) spectra. The fragmentation of the former agrees with that in the literature [35] as does the 13 C NMR spectrum [36] . The 1 H NMR spectrum agrees with that reported by Lounasmaa [35] but not that of Furusawa [36] which lacks the methylene proton peak at 3.79 and reverses the assignment of the benzopyran protons. An HMBC experiment (Figure 4 ) supports the original assignment as only the lower field H-4 at 6.66 correlates with C-5 and C-9, while only the higher field H-3 at 5.48 correlates with the gemdimethyl groups. 103.01 C 6 103.09 C 10 104.22 C 5" 104.54 C 3" 105.42 C 8 106 . The MS of compound (4) showed a molecular peak at m/e 516 consistent with C 30 H 28 O 8 and a fragmentation pattern similar to that of the isomeric rottlerin. The 1 H NMR spectrum matched that of isorottlerin [35, 36] . Except for some apparent typographical errors for C-7, 8, 10 and 1" [37] , the 13 C NMR ( Table 5 ) also matched that reported [36] , but the assignments for C-1" and C-8 should be inverted based on an HMBC ( Figure 5 ) experiment that showed that the former, but not the latter correlates with the 6" OH group.
The mass spectrum of compound 5 gave a molecular ion at 336 consistent with a formula of C 21 H 20 O 4 . The 1 H NMR is very similar to that published [35, 38, 39] for the so-called "red compound" for which the 13 C NMR (Table 6) has not been previously reported. On the basis of HMQC and HMBC ( Figure 6 ) experiments the assignments were made as shown in Table 6 . Tables 2-6 are based on HMQC. Mass spectra are EI and reported as m/z for all peaks with relative intensity higher than 10% or less if from significant structure related fragmentation. MS were taken on a Hewlett Packard 5989A mass spectrometer with GC or direct insertion probe (DIP), an electronic ionization energy of 70 eV and ion source temperature of 250ºC. All fragment peaks with a relative intensity >10% are reported. The GC was an HP-5980-II model with J & W Scientific cross-linked methyl silicone coated fused silica capillary column (30 m x 0.32 mm ID x 0.25 μm), helium as carrier gas and a column head pressure of 10 psi. All GC/MS analyses used an initial column temperature of 50ºC for 1 min and ramping at 25ºC/min to 350ºC for 5 min. The DIP temperature program was 100ºC for 1 min and ramping at 50ºC/min to 300ºC for 5 min. UV spectra were taken on a CARY-3 UV-visible spectrophotometer. 
Plant extraction:
The dried flowers of Mallotus philippinensis were extracted as described previously [17] according to the NCI protocol [16] . The dried and ground plant was steeped in 1:1 methanol: dichloromethane for 12 hours at 25ºC, filtered and the residual plant material washed with an equal volume of methanol. The combined solutions were stripped of solvent at <40ºC and <20 mm Hg to give the organic extract B. The air dried marc was steeped in water for 12 hours at 25ºC, filtered and the filtrate lyophilized at 0.5 mm Hg and <0ºC to give the aqueous extract (A). The remaining marc was exhaustively extracted with 70% ethanol in a Soxhlet apparatus and then discarded. Removal of the solvent at <40ºC and <20 mm Hg gave the alcohol extract (C). All extracts and fractions were stored in a freezer at -17ºC. In a typical run 296.9 g of Mallotus philippinensis (voucher MA-295-14) gave 7.39 g A, 90.9 g B and 9.1 g C.
A 17 g portion of the B extract was dissolved in 500 mL CHCl 3 and extracted with 300 x 200 x 100 mL water. The CHCl 3 layer was evaporated and dissolved in 500 mL 90% MeOH which was extracted with 300 x 200 x 100 mL hexane. The combined hexane layers were evaporated to give 1.6 g of a residue (B3) which showed the highest bioactivity against both M. tuberculosis and M. avium compared to other fractions obtained from the water and 90% MeOH extracts. Silica gel column chromatography of a similar B3 extract with from 2:1 to 10:1 CHCl 3 : hexane gave five combined fractions based on TLC. Rechromatography of the last of these gave a red solid identified as rottlerin (3). Silica gel column chromatography of B3 with 15:1 hexane: EtOAc eluted a fraction that upon silica gel plate chromatography on a Chromatotron gave the "red compound" (5), while elution with 3:1 hexane: EtOAc followed by a Chromatotron separation gave isoallorottlerin (4) . Rechromatography of a similar 15:1 hexane: EtOAc fraction with 20:1 hexane: EtOAc followed by successive Chromatotron separations using 20:1, 12:1 and 15:1 hexane: EtOAc gave a very active mixture of two compounds which were separated by preparative HPLC to give compounds (2) and (1) in order of separation.
Anti-mycobacterial screening: The anti-TB and antiavium activity was tested at the School of Veterinary Medicine, Louisiana State University by measuring the growth inhibition of M. tuberculosis and M. avium as determined by using the radiorespirometric measurement of 14 CO 2 from the oxidation of (1-14 C) palmitic acid [19] . Crude extracts were considered active if inhibition was greater than 80% at a concentration of 100 μg/ mL. Usually only the organic (B) extracts were tested since initial tests showed them to be the most active consistent with the lipid-rich cell wall of the genus Mycobacterium [18] . The MIC values for compounds 1-5 against M. tuberculosis are shown in Table 1 while those for 3-5 against M. avium were 128, >128 and 128 μg/ mL, respectively. Compounds 1 and 2 were not tested in the latter assay. Table 3 .
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